The proximate composition of eleven walnut (Juglans regia L.) genotypes (28 ŞK 010, 28 ŞK 055, 28 ŞK 041, 28 ŞK 601, 28 ŞK 925, 28 ŞK 028, 28 ŞK 118, 28 ŞK 350, 28 ŞK 930, 28 ŞK 850, 28 ŞK 036) 
INTRODUCTION
The high nutritive value and characteristic healthpromoting components of walnuts make them an indispensable part of the Mediterranean diet. The lipids (tocopherol, fatty acid), protein and minerals contained in the walnuts have beneficial effects on human health. The walnut kernel (Juglans regia L.) generally contains approximately 60% oil (Prasad 1994) . However, this can vary from 52 to 70%. The amount of oil in the walnut kernel depends on the cultivar, location at which grown and the irrigation rate (Greve et al. 1992; Garcia et al. 1994; Çağlarırmak 2003; Akca et al. 2005) . The fatty acids present in the walnut oil are primarily unsaturated fatty acids. Compared with most other nuts, which contain mostly monounsaturated fatty acids (MUFA), walnuts are highly enriched in omega-6 and omega-3 polyunsaturated fatty acids (PUFA). These PUFA are essential dietary fatty acids (Amaral et al. 2003) . It has been suggested that the high PUFA content of walnuts can serve to reduce the risk of heart disease. The major fatty acids found in walnuts are linoleic (18:2 w6), α-linolenic (18:3 w3), oleic (18:1 w9), palmitic (16:0), and stearic (18:0) acid (Ruggeri et al. 1998; Lavedrine et al. 2000; Zwarts et al. 1999; Li et al. 2007 ). The fatty acid composition of the nut is important to its economic and nutritional value. In addition to oil, walnuts provide appreciable amounts of proteins (12-24%), carbohydrates (12-18%), fibre (1.5-2%) and minerals (1.7-2%) (Lavedrine et al. 2000; Savage 2001; Amaral et al. 2003; Çağlarırmak 2003; Ozkan and Koyuncu 2005; Akca et al. 2005) . Walnuts contain high levels of potassium (390-700 mg/100 g), phosphorus (310-510 mg/100 g), and magnesium (90-140 mg/100 g) and have low sodium (1-15 mg/100 g) (Souci et al. 1994; Lavedrine et al. 2000; Savage 2001; Akca et al. 2005) . Turkey is the motherland of the walnut (Juglans regia L.) and one of the world's oldest areas of walnut cultivation. Turkey has 4.5 million natural seedling hybrid walnut trees. The climatic diversity of the country and the high heterozygosity of the trees as a result of continuing sexual propagation have produced a local walnut population that contains very rich genetic material (Akca and Ozongun 2004) . The most promising genotypes are selected for the national germplasm collections. Initially, the goals of walnut breeding efforts were blight resistance and anthracnose tolerance, high-quality fruit and large yields. Other studies have bred for the morphological features that include nut weight, nut length, kernel weight, kernel percentage, shell thickness, kernel colour, kernel fullness, late leafing, and lateral fruitfulness (Olez, 1971; Şen 1983; Celebioglu et al. 1988; Yarılgaç et al. 2001; Akca and Ozongun 2004; Balta et al. 2007 ). However, studies are also needed to describe the nutritional value of selected varieties. More detailed research on walnuts' nutritional quality and health-promoting components will enhance knowledge of the crop and encourage walnut consumption. The objective of this study was the characterisation of the fatty acid composition of walnut oil of the selected walnut genotypes grown in Şebinkarahisar and of the commonly grown cultivars in Turkey. The genotypes and cultivars were chosen according to their properties and to common quality criteria for the nuts, such as nut weight, nut length, kernel weight, kernel percentage, shell thickness, kernel colour and kernel fullness. The nutrients present in walnuts were analysed to determine their nutritional value. This information can serve as a resource for assessment by nutritionists, breeders and growers.
MATERIALS AND METHODS

Walnut samples
Eleven walnut genotypes (28 ŞK 010, 28 ŞK 055, 28 ŞK 041, 28 ŞK 601, 28 ŞK 925, 28 ŞK 028, 28 ŞK 118, 28 ŞK 350, 28 ŞK 930, 28 ŞK 850, 28 ŞK 036) and three commercial cultivars (Şebin, Bilecik and Kaman 1) were analysed. The walnut fruits of genotypes were collected from Şebinkarahisar province, and the fruits of cultivars were collected from a commercial plantation in Tokat, in the middle Black Sea Region of Turkey. The walnut fruits were harvested in September during the 2005 crop year. After the harvest, the walnut fruits were immediately dried and stored in the shell at room temperature until the start of the analysis.
Chemical analysis
The dry matter content was determined by drying the samples overnight in a hot-air oven at 105 °C. Ash analysis was carried out by heating the sample in a muffle furnace at 525 °C for 8 h. The quantity of total protein was calculated by multiplying the nitrogen content, determined using the Kjeldahl method, by the coefficient 6.25 (AOAC, 1990) . The carbohydrate content was estimated by calculating the differences based on the other components and using the following formula: Carbohydrate content (%) = 100% -(moisture(%) + protein(%) + oil(%) + ash(%)) (Grosso et al. 2000) . To determine the oil content, the walnuts were ground in a coffee mill for 30 seconds. Immediately after grinding, the walnuts were extracted for 6 h with hexane using a Soxhlet apparatus (Paquat and Houtfenne 1987) . Energy was expressed in kilocalories, using the following formula: Energy kcal = 4 x (protein g + carbohydrate g) + 9 x (lipid g) (Pereira et al., 2008) . The protein, carbohydrate and total oil content of fruits were calculated on a dry weight basis. All the analyses were carried out in triplicate.
Determination of mineral composition
To determine the mineral composition, 0.3-0.4 g of previously dried, ground and homogenised kernel was placed in a platinum crucible. The sample was heated in a muffle furnace at 550 °C for 6 h. Before this, the sample was partially dissolved in 2 mL HNO 3 (65%) and heated on a hot plate until dry to prevent loss from the sample and black smoke during the ash formation. After a 10-min cooling period, the ash was dissolved in 2 mL HNO 3 (65%) and diluted with deionised water to a volume of 25 mL. A Unicam flame atomic absorption instrument (Model 929 AA) was used for the determination of Na, Mg, K, Ca, Cu, Zn and Fe in the sample digests. The results were expressed on a dry-matter basis. All the mineral composition analyses were performed in triplicate.
Determination of fatty acid composition
The fatty acid composition of the walnut samples was determined by the gas chromatography (GC). The oil samples obtained via Soxhlet extraction were converted to their corresponding methyl esters according to the AOCS method (AOCS, 1993) . The BF 3 /methanol method was used for methylation. The GC analysis of the fatty acid methyl esters (FAME) was performed using a ThermoQuest CE Instrumental Trace 2000 Series GC equipped with a BPX70 Forte Capillary GC column (60 m x 0.32 mm x 0.25 µm film thickness of 5% biphenyl and 95% dimethyl polysiloxane). A split injector (split ratio 13:1) and FID detector were used during the analyses. The column temperature programme was 2 min at 60°C, 30°C/min to 150°C, 1°C/min to 190°C, 20°C/min to 220°C and 10 min at 220°C. The injector and detector temperatures were 225 and 250°C, respectively. The carrier gas was nitrogen at a flow rate of 30 mL/min. The air and hydrogen flow rates were 350 and 35 mL/min, respectively. The peaks of fatty acids were identified by comparing the retention times with those of a mixture of isomers of standard methyl esters (Sigma Chemicals Co. Deisenhofen, Germany). All the statistical analyses were performed in triplicate, and the data were expressed as averages ± standard deviations (SD).
RESULTS AND DISCUSSION
The chemical compositions of the cultivars and genotypes are shown in Pereira et al. (2008) have evaluated the chemical composition of six walnut cultivars in Portugal. They found that the total oil content of the nuts ranged from 68.83 to 72.14 %. The protein content ranged from 14.38 to 18.03 %, and the carbohydrate content ranged from 3.75 to 6.10 %. The genotypes and cultivars analysed in the current study had a higher carbohydrate content than the cultivars reported in the literature. These differences could be attributed to the year of harvest and the accompanying environmental conditions. Indeed, different values of temperature, rainfall and light can influence the chemical composition of fruits. The energy values determined in the current study ranged from 682 to 728 kcal and were similar to the values reported by Amaral et al. (2003) and Pereira et al. (2008) . The mineral composition of the genotypes and cultivars studied is shown in Table 2 . The genotypes and cultivars contained varying amounts of K, Ca, Mg, Na, Mn, Fe, Cu and Zn. The values found were (mg/100 g): 359. 73-482.99, 109.45-335.97, 126.01-165.15, 2.45-9.99, 1.52-4.79, 2.78-4.85, 0.92-1.80, and 2.45-4.30, respectively . High levels of the major minerals potassium, calcium and magnesium were found. Very low levels of sodium were detected. Genotypes had the most marked effects on the potassium, calcium and sodium concentrations. For example, 28 ŞK 118 walnuts contained the lowest level (109.45 mg/100 g) of calcium found, whereas 28 ŞK 601 had the highest level (335.97 mg/100 g). Similar results were observed for the potassium and sodium. However, these differences were less pronounced than those found for the calcium levels of the different genotypes. The Kaman 1 cultivar exhibited significant differences in the form of low calcium (149.32 mg/100 g) and magnesium (126.95 mg/100 g) levels. However, it had the highest sodium (9.99 mg/100 g) and manganese (4.79 mg/100 g) values of all the cultivars analysed. The mineral compositions of two walnut cultivars (Franquette and Hartley) originating in France and in California have been determined by Lavedrine et al. (2000) . The potassium levels of the French walnuts were higher (Franquette: 487 and Hartley: 466 mg/100 g) than those of the California walnuts (Franquette: 358 and Hartley: 372 mg/100 g). Inversely, the sodium level was higher in the Californian Hartley than in the French Hartley (6.7-0.3 mg/100 g). Akca et al. (2005) have also compared the mineral composition of Turkish walnut cultivars. The amounts of minerals found by that study (mg/100 g) ranged between 170-419 for potassium, 102-146 for magnesium, 202-453 for calcium, 0.4-3.5 for sodium, 1.2-6.0 for manganese, 1.2-6.9 for iron, 1.2-3.8 for zinc and 0.5-2.2 for copper. The elemental composition and the pH of the soil are well known to have a great influence on the absorption of minerals by plants (Charlot and Germain 1994; Korzeniowska and Stanislawska-Glubiak 2004) . The results for the fatty acid composition, total saturated fatty acids (SFA), monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA) for the walnuts analysed are shown in Table 3 . The major fatty acids in the Turkish samples were linoleic (C18:2), followed by oleic It was the genotype having the highest value of oleic acid. These data were in general agreement with those of earlier reports (Amaral et al. 2003; Li et al. 2007; Venkatachalam and Sathe 2006; Pereira et al. 2008) . The PUFA/MUFA ratio varied from 1.54 to 3.97. Martinez et al. (2006) reported that the PUFA/MUFA ratio changed from 2.22 to 4.54 in the walnut cultivars Franquette, Chandler and Criolla. In the current study, some walnut genotypes and cultivars contained higher amounts of oleic acid, linoleic acid, palmitic acid and linolenic acid than some other walnut genotypes. Walnut oil composition is affected by variety, geographical location, climatic effects, and treatment. For example, walnut oil composition is affected by the addition of fertiliser during growth. The composition of walnut oil is also affected by the maturity of the seed at harvest, its position on the plant, and its handling after harvest (Crews et al. 2005) .The selected genotypes have nutritionally promising levels of minerals and fatty acids. The data reported in this paper confirmed that walnuts were a rich source of important nutrients that would be very beneficial to human health.
